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 Max:Min

* Avg:Min

« Coefficient of variation (CV)
* Entropy Uniformity (EU)

Qi1 Li

EU =1/n-exp(— Y piln(p)).

P;

Yao, Qi, Botao Zhong, Yue Shi, and Jiaqi Ju. “Evaluation of Several Different Types of Uniformity Metrics and Their Correlation with Subjective Perceptions
Evaluation of Several Different Types of Uniformity Metrics and Their Correlation with Subjective Perceptions.” Leukos 13, no. August (2017): 33-45.
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% Uniformity based on the Human Visual System
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30

e Accounts for:
e CSF of pattern
« Adaptation luminance (cd/m?)
* Viewing distance (m)
« Pattern area (squared degrees)
* Viewing angle (degrees)

Optics Letters, 2010.
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(Yao et al. 2017) | (Abboushi et al. 2020)
Max:Min - 0.88
Avg:Min 0.71 0.50
Coefficient of variation (CV) 0.85 0.57
Entropy Uniformity (EU) 0.95 0.37
Upvs 0.96 0.94

Yao, Qi, Botao Zhong, Yue Shi, and Jiaqi Ju. “Evaluation of Several Different Types of Uniformity Metrics and Their Correlation with Subjective Perceptions
Evaluation of Several Different Types of Uniformity Metrics and Their Correlation with Subjective Perceptions.” Leukos 13, no. August (2017): 33-45.

Abboushi, B., Bermudez, E. R.-F,, Irvin, L., Feagin, B., Royer, M., and Davis, R. (2021). Examining perceptual luminance uniformity of simulated luminaire patterns.
in Light-Emitting Devices, Materials, and Applications XXV, eds. J. K. Kim, M. R. Krames, and M. Strassburg (SPIE), 115-124. doi:10.1117/12.2577901.
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Luminance Measurements using High
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Measuring
Uniformity Using the

LLUA
* Headless Raspberry Pi

 Debian/Linux
* Python 3

Main Packages
= Gtk3+
" gphoto?2
" |ibusb
" pyenttec
" Phidget22

e —
—

UNIFIED CONTROL MODULE (UCM)

UNIT UNDER TEST BISECTION (UUTB)

MEASUREMENT DEVICE BISECTION (MDB)

ANCILLARY ADJOINING COMPONENTS

Luminaire Luminance Uniformity Apparatus (LLUA) Components

Image and information retrieved from :
Feagin Jr. B., A.C. Irvin, E. Rodriguez-Feo Bermudez, and M.P. Royer. 2020. "Apparatus for Studying Human
Perception of Luminaire Luminance Uniformity" In IES Annual Conference 2020 Proceedings
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Phase 1 —
Set up

« Set up the experimental space

= Darken the experimental space (i.e., turn off lights,
close windows, etc.)

= Set the temperature to stable value
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* Assemble the components of the LLUA
= Add the high-definition camera
Phase 1 — = Add the luminance meter
Set u D = Place the optical material to be tested in the slot

the optical material slot
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Phase 1 —
Set up

* Turn on the LED array at 100%

= Measure the intensity output of the LED array
every 5 minutes

= Continue this process until the LED have reached
stable conditions




Hmmc
Northwest

NATIONAL LABORATORY

=

Camera and luminance meter on the
gimbal system

LED Array
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\zg/ » Adjust distance

EaCEcﬁc ; = Set the distance between the optical material and
NAT8I\II'AL L&%?RY the LED array
= Set the distance between the two halves of the
LLUA
Phase 2 —
Calibration
Main Camera Luminance Gimbal Phidget Simulation Automation

Hello Krank Distance Calibrate Full Calibrate
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Phase 2 —
Calibration

Luminaire Luminance Uniformity Apparatus

Main Camera Luminance Girnbal Phidget

Move Theta

Mowve Phi Move Translation

Simulation Automation

Mowe 4l

L

Home

» Center the high-definition camera
* Place the calibration in from of the optical material

= Zoom and focus on the calibration plate until the
numbers and scares are clearly define
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Phase 2 —

Calibration
_ = x |* Center gimbal to the luminance meter
_ _ _ _ — _ _ = Take note of the spot measurement location on the
Main Camera Luminance  Gimbal :F'hlu:lget Slmulatluz:un Automation Optical material

= Take luminance measurement value

Move Theta Mowve Phi Move Translation Mowe 4l Home
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Phase 2 —
Calibration

Luminaire Luminance Uniformity Apparatus
GUI Controls

Main Camera Luminance Gimbal Phidget Simulation Automation

Pictures Per Shutter (Please be a numl::ler]| - -

BheHOR | | Tieofxperment » Center the high-definition camera
= Place the calibration in and

= Capture pictures of the optical material at varying
shutter speeds

Open Camera Interface




\'s'%  Center the high-definition camera

Eacjcfrinc . = Capture HDR of the optical material by taking
AL e pictures at varying shutter speeds from 6 seconds

to 1/1600 seconds

Phase 3 —
Automated |
Measurements

January 11, 2022
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Phase 3 —
Automated
Measurements

» Center the high-definition camera

= Capture HDR of the optical material by taking
pictures at varying shutter speeds from 8 seconds
to 1/3200 seconds
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Phase 3 —
Automated
Measurements

* Move the LED array

Motors attached to the LED array move it back by
desired increment

Capture pictures of the optical material at varying
shutter speeds from 8 seconds to 1/3200 seconds

Center the luminance meter on the gimbal and take
reference luminance spot measurement

Move back the LED array by desired increment
and take luminance value

Center the camera and take HDR

Repeat for all desired distance between the LED
array and optical
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Combine pictures
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Data Analysis and Results

EEEEEEEEEEEE

PNNL is operated by Battelle for the U.S. Department of Energy




Pacific

Northwest  Data Analysis Procedure

« Combine LDR images using radiance-based software, raw2hdr?!
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« Combine LDR images using radiance-based software, raw2hdr?!
« Convert RGB values to luminance

 Calibrate image using calibration image and spot luminance measurement
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« Combine LDR images using radiance-based software, raw2hdr?!
« Convert RGB values to luminance

 Calibrate image using calibration image and spot luminance measurement
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Combine LDR images using radiance-based software, raw2hdr*
Convert RGB values to luminance
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LED Dist: 0.5 inches
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LED Dist: 0.5 inches
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LED Dist: 0.5 inches
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Max/Min across LED Distance
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Uniformity Metrics: Avg/Min
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Uniformity Metrics
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* The luminance uniformity of a luminaire aperture can have implications for:
* Energy efficiency
*= Discomfort glare
= Visual appeal

* \We have created an apparatus, the LLUA, to collect luminance measurements

* The uniformity of luminance distributions can be guantified by evaluating HDR
Images
* Future work

= Examine the performance of uniformity metrics in relation to subjective ratings
= Develop a stray light correction matrix for further accuracy

January 11, 2022
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